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PROVIDING ABONDED STRUCTURAL ASSEMBLY HAVING A 2O2 
CURED BONDLINE, THE CURED BONDLINE COMPRISING AN 
ADHESIVE LAYER, A SCRIMPLY LAYER INTEGRATED WITH 
THE ADHESIVE LAYER, AND ANELECTRICAL SENSOR 
NETWORK INTEGRATED WITH THE SCRIMPLY LAYER 

ACTIVATING THE ELECTRICAL SENSORNETWORK TO MONITOR 204 
ADHESIVE INTEGRITY OF THE CURED BONDLINE ON DEMAND 
BY INTERPRETING CHANGES IN LOCAL DYNAMIC RESPONSES 
AND ELECTROMECHANICAL PROPERTIES DIRECTLY MEASURED 

WITHIN THE CURED BONDLINE 

RETREVING AND PROCESSINGADHESIVE INTEGRITY DATA OF 206 
THE CURED BONDLINE FROM THE ELECTRICAL SENSOR 

NETWORKVIAA DIGITAL DATA COMMUNICATIONS NETWORK 

FIG. 9 

  





US 9,267,906 B2 

009709709 709709709 099Z09099099099099 
79 

U.S. Patent 

  

  





US 9,267,906 B2 

998 

Sheet 13 of 15 

009 

Feb. 23, 2016 U.S. Patent 

909 

  





U.S. Patent Feb. 23, 2016 Sheet 15 Of 15 US 9,267,906 B2 

PASSING ANELECTRICAL CURRENT THROUGH ANADHESIVE LAYER 
OF A CURED BONDLINE, A MAGNETICFIELD BEING ASSOCIATED WITH 
THE ELECTRICAL CURRENT, THE ADHESIVE LAYER CONTAINING A 

CURRENT SENSORNETWORK INCLUDING A PLURALITY OF INDUCTIVE 
COILSELECTRICALLY INTERCONNECTED ATA PLURALITY OF 

CURRENT SENSOR NODES AND FORMING A PLURALITY OF CURRENT 
SENSOR LOOPS 

INDUCING AN INDUCED CURRENT IN ONE ORMORE OF THE INDUCTIVE 404 
COILS IN RESPONSE TO THE MAGNETIC FIELD 

402 

GENERATING, AT THE CURRENT SENSOR NODES, CURRENT SIGNALS 
REPRESENTATIVE OF THE INDUCED CURRENT IN ONE ORMORE OF 4O6 

THE INDUCTIVE COLS 

TRANSMITTING THE CURRENT SIGNALS TO A DIGITAL DATA 
COMMUNICATIONS NETWORK LOCATED EXTERNAL TO THE BONDED 408 

JOINT 

DETECTING AND MONITORING THE ELECTRICAL CURRENT USING THE 
DIGITAL DATA COMMUNICATIONS NETWORK BASED ON THE CURRENT 410 

SIGNALS 

FIG. 16 
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BONDLINE EMBEDDED CURRENT SENSOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application is a continuation-in-part of and 
claims priority to U.S. patent application Ser. No. 13/085, 
450, now U.S. Pat. No. 8,812,251, entitled SYSTEMAND 
METHOD FORMONITORING BONDING INTEGRITY 
filed on Apr. 12, 2011, the entire contents of which is incor 
porated by reference herein. 

FIELD 

The disclosure relates generally to systems and methods 
for monitoring bonding integrity, and more particularly, to 
systems and methods for monitoring adhesive bonding integ 
rity of bonded structural assemblies. Such as composite struc 
tural assemblies. In addition, the disclosure relates generally 
to systems and methods for monitoring electrical current 
flow, and more particularly, to systems and methods for moni 
toring electrical current flow through an adhesively bonded 
joint. 

BACKGROUND 

The manufacture and assembly of structures and structural 
components has increasingly involved the use of bonded 
joints or bondlines, such as adhesive bonded joints or bond 
lines, instead of fastener devices, to bond or join the structural 
components together. Adhesive bonded joints may be used in 
bonding of composite structural components in combination 
with other composites or other materials such as metal. In this 
regard, adhesive bonded composite structures and structural 
components may typically be used in the manufacture and 
assembly of aircraft, spacecraft, rotorcraft, watercraft, auto 
mobiles, trucks, buses, and other vehicles and structures due 
to the design flexibility and low weight of such composite 
structures and structural components. 
Known inspection methods and devices exist for assessing 

the integrity of adhesive bonded joints or bondlines in order to 
measure the quality, Soundness, effectiveness, performance, 
strength, or other characteristics of the adhesive bond, as well 
as to assess the ability of the adhesive bond to function reli 
ably as required throughout the predicted lifetime of the 
bonded structure or structural components. Such known 
inspection methods and devices may include a variety of 
time-consuming techniques such as visual inspection, local 
ized non-destructive inspection methods, laser bond and 
ultrasonic inspection devices, or other known methods and 
devices. These known inspection methods and devices may 
require that the hardware be pulled out of service for the 
inspection and may not have the ability to interrogate the 
bondline while the component part is in-service. In addition, 
Such inspection methods and devices may increase costs and 
flow time to the process of assuring bondline integrity. More 
over, Such known inspection methods and devices may only 
be carried out at certain times or on a periodic basis, rather 
than having the information about the bondline integrity 
available at all times on demand and available on a continu 
ous, real time basis. 

In particular, known visual inspection and localized non 
destructive inspection methods and devices may not be effec 
tive where visual access to the adhesive bonded joints or 
bondlines is limited or not possible, for example, if such 
adhesive bonded joints or bondlines are located in a remote or 
interior location or beneath the surface. Access to interior 
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2 
bonded joints and bondlines may be difficult or not possible 
without disassembly or damage to the structures or structural 
components, such as removing a part or drilling a hole into a 
structure for insertion of a measurement tool. In addition, 
ultrasonic inspections may require specialized equipment, 
Substantial operator training, and effective access to the struc 
tural component. 

In addition, known methods and devices exist for monitor 
ing the health of a composite structure with the use of external 
sensors. For example, U.S. Patent Publication Number 2007/ 
0166831 A1 to Watkins, Jr. et al., discloses a method for 
monitoring the health of a composite structure by disposing a 
condition sensor on the Surface of the composite structure. 
However, positioning sensors on the external Surface of the 
structure may provide measurements of the whole structure 
including measurements through the structural components 
and the bondline. Such known methods and devices may 
provide only indirect and less accurate measurements of 
bondline characteristics and not direct and more accurate 
measurements of bondline characteristics at or within the 
bondline. In addition, alignment and positioning of external 
sensors may be complicated by accessibility to the structure 
or structural component, for example, inaccessibility to one 
side of a composite sandwich structure. 

Accordingly, there is a need in the art for an improved 
system and method for monitoring bonding integrity directly 
at or within adhesive bonded joints or bondlines of structures 
or structural assemblies where such improved system and 
method provide advantages over known systems and meth 
ods. 
A related aspect of monitoring the integrity of adhesively 

bonded joints is with regard to detecting and monitoring 
high-intensity transient electrical currents that may pass 
through bonded joints. For example, aircraft must be capable 
of withstanding high-intensity current due to lightning 
strikes. In view of the undesirable effects of high-intensity 
electrical current on adhesive, and considering the increasing 
use of adhesively-bonded joints in the primary structure of an 
aircraft, it is becoming necessary to detect and monitor elec 
trical current flow through bonded joints as may occur in the 
event of a lightning strike. In this regard, it is necessary to 
understand the distribution of current flow from a lightning 
strike toward and through bonded joints to facilitate the test 
ing, design, and development of aircraft structures capable of 
withstanding or avoiding excessively-high current flow 
through bonded joints. As indicated above, known methods 
for assessing the integrity of adhesively-bonded joints are 
limited to time-consuming techniques such as visual inspec 
tion, localized non-destructive inspection methods, the use of 
laser bond and ultrasonic inspection devices, or other known 
methods and devices. 

Accordingly, there exists a need in the art for a system and 
method for detecting and monitoring electrical current flow 
through bonded joints so that appropriate lighting protection 
may be provided to such bonded joints. 

SUMMARY 

This need for a system and method for monitoring bonding 
integrity directly at or within adhesive bonded joints or bond 
lines of structures or structural assemblies is satisfied. As 
discussed in the below detailed description, embodiments of 
the system and method may provide significant advantages 
over existing systems and methods. 

In an embodiment of the disclosure, there is provided a 
system for monitoring adhesive integrity within a cured bond 
line of a bonded structural assembly. The system comprises a 
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bonded structural assembly having a cured bondline. The 
cured bondline comprises an adhesive layer, a scrimply layer 
integrated with the adhesive layer, and an electrical sensor 
network integrated with the scrimply layer. The system fur 
ther comprises an electrical power source for providing elec 
trical power to the electrical sensor network. The system 
further comprises a digital data communications network for 
retrieving and processing data from the electrical sensor net 
work. The electrical sensor network monitors adhesive integ 
rity within the cured bondline on demand by interpreting 
changes in local dynamic responses and electromechanical 
properties directly measured within the cured bondline. 

In another embodiment of the disclosure, there is provided 
a system for monitoring adhesive integrity within a cured 
bondline of a bonded composite lamina assembly. The system 
comprises a bonded composite lamina assembly having a 
cured bondline. The cured bondline comprises an adhesive 
layer, a scrimply layer integrated with the adhesive layer, and 
an electrical sensor network integrated with the scrim ply 
layer. The system further comprises a wireless electrical 
power source for providing electrical power to the electrical 
sensor network. The system further comprises a wireless 
digital data communications network for retrieving and pro 
cessing data from the electrical sensor network. The electrical 
sensor network monitors adhesive integrity within the cured 
bondline on demand by interpreting changes in local dynamic 
responses and electromechanical properties directly mea 
sured within the cured bondline. 

In another embodiment of the disclosure, there is provided 
a method for monitoring adhesive integrity within a cured 
bondline of a bonded structural assembly. The method com 
prises providing a bonded structural assembly having a cured 
bondline. The cured bondline comprises an adhesive layer, a 
scrim ply layer integrated with the adhesive layer, and an 
electrical sensor network integrated with the scrimply layer. 
The method further comprises activating the electrical sensor 
network to monitor adhesive integrity of the cured bondline 
on demand by interpreting changes in local dynamic 
responses and electromechanical properties directly mea 
sured within the cured bondline. The method further com 
prises retrieving and processing adhesive integrity data of the 
cured bondline from the electrical sensor network via a digital 
data communications network. 

Also disclosed is a current detection system for monitoring 
electrical current passing through a cured bondline bonding a 
first structure to a second structure of a structural assembly. 
The structural assembly may be included in an aircraft or in 
any vehicular or non-vehicular structure. The current detec 
tion system may include a current sensor network embedded 
in an adhesive layer of the cured bondline. The current sensor 
network may include a plurality of inductive coils and a 
plurality of current sensor nodes electrically interconnecting 
the inductive coils to form a plurality of current sensor loops 
generating induced current in response to a magnetic field 
associated with an electrical current passing through the 
adhesive layer. The current sensor nodes may generate cur 
rent signals representative of the induced current. The current 
sensor network may include a digital data communications 
network located external to the cured bondline and receiving 
the current signals from the current sensor nodes and detect 
ing and monitoring electrical current passing through the 
cured bondline based on the current signals. 

In a further embodiment, disclosed is a method for moni 
toring electrical current passing through a cured bondline. 
The method may include passing an electrical current through 
an adhesive layer of a cured bondline of a structural assembly. 
The electrical current may have a magnetic field associated 
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4 
therewith. The adhesive layer may contain a current sensor 
network including a plurality of inductive coils electrically 
interconnected at a plurality of current sensor nodes and 
forming a plurality of current sensor loops. The method may 
include inducing an induced current in the current sensor 
loops in response to the magnetic field, and generating, at the 
current sensor nodes, current signals representative of the 
induced current. The method may additionally include trans 
mitting the current signals to a digital data communications 
network located external to the cured bondline, and detecting 
and monitoring the electrical current using the digital data 
communications network based on the current signals. 
The features, functions, and advantages that have been 

discussed can be achieved independently in various embodi 
ments of the disclosure or may be combined in yet other 
embodiments further details of which can be seen with refer 
ence to the following description and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The disclosure can be better understood with reference to 
the following detailed description taken in conjunction with 
the accompanying drawings which illustrate preferred and 
exemplary embodiments, but which are not necessarily 
drawn to Scale, wherein: 

FIG. 1 is an illustration of a perspective view of an exem 
plary aircraft for which one of the embodiments of the system 
and method of the disclosure may be used; 

FIG. 2 is an illustration of a block diagram of one of the 
embodiments of a system for monitoring adhesive integrity of 
the disclosure; 

FIG. 3 is an illustration of a block diagram of another one 
of the embodiments of a system for monitoring adhesive 
integrity of the disclosure; 

FIG. 4A is an illustration of a partial cross-sectional view 
of an embodiment of a bonded structure having one of the 
embodiments of the system of the disclosure; 

FIG. 4B is an illustration of apartial cross-sectional view of 
another embodiment of a bonded structure having one of the 
embodiments of the system of the disclosure; 
FIG.4C is an illustration of apartial cross-sectional view of 

another embodiment of a bonded structure having one of the 
embodiments of the system of the disclosure; 

FIG. 5A is an illustration of a partial cross-sectional view 
of an embodiment of a bonded structure having one of the 
embodiments of the electrical sensor network of the disclo 
Sure; 
FIG.5B is an illustration of apartial cross-sectional view of 

another embodiment of a bonded structure having another 
one of the embodiments of the electrical sensor network of the 
disclosure; 

FIG. 6 is an illustration of a top view of one of the embodi 
ments of a scrimply layer with active sensor nodes; 

FIG. 7 is an illustration of a top view of another one of the 
embodiments of a scrimply layer with sensor fibers; 

FIG. 8 is an illustration of a schematic diagram of one of the 
embodiments of a system of the disclosure showing detection 
of disbonds and weak bonding: 

FIG. 9 is an illustration of a flow diagram of an embodi 
ment of a method for monitoring adhesive integrity of the 
disclosure; 

FIG. 10 is an illustration of a block diagram of an embodi 
ment of a system for detecting and monitoring electrical 
current flow through a bonded joint; 

FIG.11 is an illustration of apartial cross-sectional view of 
a structural assembly showing an embodiment of a current 
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sensor network embedded in an adhesive layer of a bonded 
joint joining the first and second structure of the structural 
assembly; 

FIG. 12 is an illustration of the top view of an embodiment 
of a current sensor network as may be embedded in an adhe 
sive layer of the bonded joint; 

FIG. 13 is an illustration of a partial cross-sectional view of 
an inductive coil extending between a pair of current sensor 
nodes of the current sensor network and further illustrating an 
electrical current passing through the adhesive layer and a 
magnetic field associated with the electrical current and 
inducing an induced current in the inductive coil; 

FIG. 14 is an illustration of a partial cross-sectional view of 
a further embodiment of the current sensor network wherein 
the inductive coils have a rectangular cross-sectional shape; 

FIG. 15 is an illustration of a partial cross-sectional view of 
another embodiment of the current sensor network wherein 
the inductive coils have an oval cross-sectional shape; 

FIG. 16 is an illustration of a flow diagram of an embodi 
ment of a method for monitoring electrical current flow 
through a cured on line of the bonded structural assembly. 

DETAILED DESCRIPTION 

Disclosed embodiments will now be described more fully 
hereinafter with reference to the accompanying drawings, in 
which some, but not all of the disclosed embodiments are 
shown. Indeed, several different embodiments may be pro 
vided and should not be construed as limited to the embodi 
ments set forth herein. Rather, these embodiments are pro 
vided so that this disclosure will be thorough and complete 
and will fully convey the scope of the disclosure to those 
skilled in the art. The following detailed description is of the 
best currently contemplated modes of carrying out the disclo 
Sure. The description is not to be taken in a limiting sense, but 
is made merely for the purpose of illustrating the general 
principles of the disclosure, since the scope of the disclosure 
is best defined by the appended claims. 
Now referring to the Figures, FIG. 1 is an illustration of a 

perspective view of an exemplary prior art aircraft 10 for 
which one of the embodiments of a system 30 (see FIG. 2) or 
a system 100 (see FIG. 3), or a method 200 (see FIG.9) for 
monitoring adhesive integrity may be used. The aircraft 10 
comprises a fuselage 12, a nose 14, a cockpit 16, wings 18 
operatively coupled to the fuselage 12, one or more propul 
sion units 20, a tail vertical stabilizer 22, and one or more tail 
horizontal stabilizers 24. Although the aircraft 10 shown in 
FIG. 1 is generally representative of a commercial passenger 
aircraft, the systems 30, 100 and method 200 disclosed herein 
may also be employed in other types of aircraft. More spe 
cifically, the teachings of the disclosed embodiments may be 
applied to other passenger aircraft, cargo aircraft, military 
aircraft, rotorcraft, and other types of aircraft or aerial 
vehicles, as well as aerospace vehicles Such as satellites, 
space launch vehicles, rockets, and other types of aerospace 
vehicles. It may also be appreciated that embodiments of 
systems, methods and apparatuses in accordance with the 
disclosure may be utilized in other vehicles, such as boats and 
other watercraft, trains, automobiles, trucks, buses, and other 
types of vehicles. 

FIG. 2 is an illustration of a block diagram of one of the 
embodiments of the system 30 for monitoring adhesive integ 
rity. In one embodiment of the disclosure, there is provided 
the system 30 for monitoring adhesive integrity within a 
cured bondline32 or joint of a bonded structural assembly 34. 
As used herein, the term “adhesive integrity means a mea 
Sure of the quality, Soundness, effectiveness, performance, 
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6 
and strength of an adhesive bond and the ability of the adhe 
sive bond to function reliably as required throughout the 
predicted lifetime of a bonded structural assembly or struc 
ture. 

The system 30 comprises the bonded structural assembly 
34 having the cured bondline 32 or joint. As shown in FIGS. 
4A-4C, the bonded structural assembly 34 may comprise a 
first structure 36 and a second structure 42. The first structure 
36 has a first side 38 and a second side 40. The second 
structure 42 has a first side 44 and a second side 46. The first 
structure 36 may be made of a composite material, a metal 
material, a combination of a composite material and a metal 
material, or another suitable material. The second structure 
36 may be made of a composite material, a metal material, a 
combination of a composite material and a metal material, or 
another suitable material. Preferably, the composite material 
for the first structure 36 and/or the second structure 42 com 
prises polymeric composites, fiber-reinforced composite 
materials, fiber-reinforced polymers, carbon fiber reinforced 
plastics (CFRP), glass-reinforced plastics (GRP), thermo 
plastic composites, thermoset composites, epoxy resin com 
posites, shape memory polymer composites, ceramic matrix 
composites, or another Suitable composite material. Exem 
plary composite material may typically comprise a reinforce 
ment fiber, such as reinforcement fabric, dispersed in a ther 
moplastic or thermoset polymer matrix. Reinforcement 
fabrics may comprise fibers made of metallic, carbon, glass, 
boron, ceramic, and polymeric fibers. The reinforcement 
fibers may be in woven or non-woven mats, or they may be 
dispersed in the matrix. Matrix material may comprise ther 
moplastic materials such as polyamides, polyolefins and fluo 
ropolymers, and thermosets such as epoxies and polyesters. 
Preferably, the metal material for the first structure 36 and/or 
the second structure 42 comprises aluminum, stainless steel, 
titanium, alloys thereof, or another suitable metal or metal 
alloy. 

FIG. 4A is an illustration of a partial cross-sectional view 
of an embodiment of a bonded structure 34a having a first 
structure 36a made of one material. Such as a metal, and 
having a second structure 42a made of the same material, 
such as a metal, as the material of the first structure 36a. FIG. 
4B is an illustration of a partial cross-sectional view of 
another embodiment of a bonded structure 34b having the 
first structure 36a made of one material. Such as a metal, and 
having a second structure 42b made of a different material, 
Such as a composite, than the material of the first structure 
36a. FIG.4C is an illustration of apartial cross-sectional view 
of another embodiment of a bonded structure 34c having a 
first structure 36b made of one material. Such as a composite, 
and having the second structure 42b made of the same mate 
rial. Such as a composite, as the material of the first structure 
36b. 
As shown in FIGS. 4A-4C, the cured bondline32 or joint of 

the bonded structural assembly 34 comprises an adhesive 
layer or layers 52. As shown in FIG. 4A, the adhesive layer 52 
has a first side 54 and a second side 56. The adhesive layer or 
layers 52 may comprise an adhesive material Such as an 
epoxy adhesive, a polyurethane adhesive, a toughened acrylic 
adhesive, or another Suitable adhesive. Epoxy adhesives gen 
erally have good strength, low shrinkage, and produce strong 
durable bonds with most materials. Polyurethane adhesives 
generally are fast curing, provide strong resilient joints which 
are impact resistant, and have good low temperature strength. 
Toughened acrylic adhesives generally are fast curing, have 
high strength and toughness, and bond well to a variety of 
materials. 
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As shown in FIG. 2, the cured bondline 32 further com 
prises a scrimply layer 58 integrated with the adhesive layer 
or layers 52 (see also FIGS. 4A-4C and 5A-5B). As shown in 
FIG. 4A, the scrimply layer 58 has a first side 60 and a second 
side 62. The scrimply layer 58 preferably comprises a mate 
rial fabricated from various fiber materials, such as nylon 
fiber material, polyester fiber material, glass fiber material, or 
another suitable fiber material. The scrim ply layer 58 is 
preferably multifunctional and acts as an adhesive layer by 
being integrated in the adhesive layers 52 and also acts as a 
bondline monitoring system. 
As shown in FIGS. 4A-4C, the cured bondline 32 further 

comprises an electrical sensor network 64 integrated with the 
scrimply layer 58. The electrical sensor network 64 prefer 
ably comprises a plurality of spaced sensor elements 66. The 
sensor elements 66 may comprise active sensor nodes 66a 
(see FIG. 6), active sensor fibers 66b (see FIG. 7), active 
sensor wires (not shown), sensor fiber optic wires (not 
shown), sensor coatings on fibers (not shown), carbon nano 
tubes (not shown), passive sensors, or another Suitable sensor 
element. The sensor elements 66 may be comprised of a 
matrix of high-resistivity, insulative thermoplastic orthermo 
set polymer and conductive fillers, such as carbon black, 
carbon nanotubes, and metallic particles, such as silver, 
nickel and aluminum, although other conductive and semi 
conductive particles Such as metallic oxides may be used. The 
sensor elements 66 may also comprise electrode sensors, 
piezoelectric sensors, pulse-echo (PE) sensors, pitch-catch 
active sensors, through transmission (TT) sensors, shear 
wave sensors, resonance sensors, mechanical impedance sen 
sors, lamb wave sensors, rayleigh wave sensors, stoneley 
wave sensors, or other suitable sensors. Preferably, the sensor 
elements 66 are active sensors. However, passive sensors may 
also be used. Active sensors may generate electric current or 
Voltage directly in response to environmental stimulation. 
Passive sensors may produce a change in Some passive elec 
trical quantity. Such as capacitance, resistance, or inductance, 
as a result of stimulation and typically may require additional 
electrical energy for excitation. Some RFID devices may be 
active and some RFID devices may be passive. 
The sensor elements 66 may be removable and placed 

manually on the scrimply layer 58 integrated with the adhe 
sive layer 52 and later removed. Alternatively, the sensor 
elements 66 may be bonded or otherwise attached to or within 
the scrimply layer 58 by an adhesive or one or more mechani 
cal fasteners (not shown). The sensor elements 66 may be 
small discrete sensors in the form of strips or electrodes 
covering some or Substantially all of the Surface portions of 
the scrimply layer 58 or in the form of mats, fibers or woven 
sheets attached to or on the scrimply layer 58. 
The system 30 integrates the sensing of the cured bondline 

32 into the bonded structural assembly 34 and provides a 
method to interrogate the characteristics and integrity of the 
cured bondline 32 on demand or continuously. The smart 
adhesive layer 52 and the scrimply layer 58 may be a perma 
nent part of the bonded structural assembly 34. The monitor 
ing system 30 provides for an internal electrical sensor net 
work 64 and internal sensorelements 66 at or within the cured 
bondline 32 to provide for direct measurement and assess 
ment of the bondline characteristics and bondline integrity 
directly at or within the cured bondline 32 itself. 
The sensor elements 66 preferably have modalities based 

on ultrasonic wave propagation and electromechanical 
impedance. In order to enable the smart scrimply layer 58, the 
sensor elements 66 may be integrated into the woven or 
random mat fiber layer of the scrimmaterial. In one embodi 
ment, scrim material with the sensor elements 66 may be 
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8 
laminated into the adhesive layer 52 to provide an integrated 
film adhesive scrimply layer 58 (see FIG. 6) with sensing 
capabilities. FIG. 6 is an illustration of atop view of one of the 
embodiments of the scrimply layer 58 in the form of a scrim 
ply layer 58a with an electrical sensor network 64 having 
sensor elements 66 in the form of active sensor nodes 66a 
integrated into or attached onto the scrim ply layer 58. As 
shown in FIG. 6, the sensor nodes 66.a form a network grid 
pattern 68. As shown in FIGS. 4A and 6, the scrimply layer 58 
has a first side 60 (see FIGS. 4A and 6), a second side 62 (see 
FIG. 4A), a first end 88 (see FIG. 6) and a second end 90 (see 
FIG. 6). 

In another embodiment, sensor elements 66 may be 
attached or integrated into an existing or known scrim ply 
layer 58 (see FIG. 7) integrated with the adhesive layer 52. 
FIG. 7 is an illustration of a top view of another one of the 
embodiments of the scrimply layer 58 in the form of a scrim 
ply layer 58b with an electrical sensor network 64 having 
sensor elements 66 in the form of active sensor fibers 66b 
integrated into or attached onto the scrim ply layer 58. As 
shown in FIG. 7, the sensor fibers 66b form a network grid 
pattern 72. As shown in FIGS.5B and 7, the scrimply layer 58 
has a first side 60 (see FIGS. 5B and 7), a second side 62 (see 
FIG. 5B), a first end 88 (see FIG. 7) and a second end 90 (see 
FIG. 7). 
As shown in FIG. 2, the system 30 further comprises an 

electrical power source 74 for providing electrical power to 
the electrical sensor network 64. The electrical power source 
74 may comprise batteries, voltage, RFID (radio frequency 
identification), magnetic induction transmission, or another 
suitable electrical power source. The electrical power source 
74 is preferably wireless. 
As shown in FIG. 2, the system 30 further comprises a 

digital data communications network 76 for retrieving and 
processing data from the electrical sensor network 64. The 
digital data communications network 76 is preferably wire 
less. The digital data communications network 76 may com 
prise a data retrieval system 78 for retrieving data from the 
electrical sensor network 64. The data retrieval system 78 
may comprise RFID, a radio transceiver (a device that has 
both a transmitter and a receiver which are combined and 
share common circuitry or a single housing), or another Suit 
able data retrieval system. 
The electrical sensor network 64 monitors adhesive integ 

rity 82 (see FIG. 2) within the cured bondline 32 on demand 
by interpreting changes in local dynamic responses 84 (see 
FIG. 2) and electromechanical properties 86 (see FIG. 2) 
directly measured at or within the cured bondline 32. The 
electrical sensor network 64 may also continuously monitor 
the adhesive integrity 82 within the cured bondline 32. The 
local dynamic responses 84 and the electromechanical prop 
erties 86 are preferably directly measured at or within the 
cured bondline and may comprise disbonds 92 (see FIG. 8), 
weak bonding 94 (see FIG. 8), strain levels, moisture ingres 
Sion, materials change, cracks, Voids, delamination, porosity, 
or other Suitable local dynamic responses or electromechani 
cal properties or other irregularities which may adversely 
affect the performance of the cured bondline32 of the bonded 
structural assembly 34. The integrity of the cured bondline32 
may be determined by interpreting changes in local dynamic 
responses 84 and electromechanical properties 86 directly 
measured at or within the cured bondline 32. Additional sen 
Sor elements 66. Such as fiber optic based materials to assess 
moisture ingression, piezoelectric sensors to assess strain, or 
other sensing methods may also be incorporated into the 
adhesive layer 52. Other functional aspects of the scrimply 
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layer 58 may also be maintained, including control of bond 
line thickness, bondline tack control, and/or adhesive unifor 
mity of the bondline. 
As shown in FIG. 2, the digital data communications net 

work 76 may further comprise a data processing system 80 for 
processing data from the electrical sensor network 64. The 
data processing system 80 may comprise, for example, a 
known computer processor (not shown), a database (not 
shown), and a data storage and management system (not 
shown). 
The system 30 monitors adhesive integrity 82 within the 

cured bondline 32 of the bonded structural assembly 34. 
Preferably, the system 30 is used for monitoring adhesive 
integrity at or within the cured bondline 32 of bonded struc 
tural assemblies 34, such as bonded structural assemblies for 
use in aircraft 10 (see FIG. 1), spacecraft, aerospace vehicles, 
space launch vehicles, rockets, satellites, rotorcraft, water 
craft, boats, trains, automobiles, trucks, buses, architectural 
structures, or other suitable vehicles and structures. 

FIG. 3 is an illustration of a block diagram of another one 
of the embodiments of a system 100 for monitoring adhesive 
integrity within the cured bondline 32 of a bonded composite 
lamina assembly 102. The system 100 comprises the bonded 
composite lamina assembly 102 have the cured bondline 32. 
As shown in FIGS. 5A-5B, the bonded composite lamina 
assembly 102 may comprise a first substrate 104 and a second 
substrate 110. The first substrate 104 has a first side 106 and 
a second side 108. The second substrate 110 has a first side 
112 and a second side 114. The first substrate 104 and the 
second substrate 110 are preferably both made of a composite 
material comprising polymeric composites, fiber-reinforced 
composite materials, fiber-reinforced polymers, carbon fiber 
reinforced plastics (CFRP), glass-reinforced plastics (GRP), 
thermoplastic composites, thermoset composites, epoxy 
resin composites, shape memory polymer composites, 
ceramic matrix composites, or another Suitable composite 
material. FIG. 5A is an illustration of a partial cross-sectional 
view of an embodiment of a bonded structure 102a having 
one of the embodiments of the electrical sensor network 64 of 
the disclosure. As shown in FIG. 5A, the electrical sensor 
network 64 comprises sensor elements 66 comprising active 
sensor nodes 66.a. FIG. 5B is an illustration of a partial cross 
sectional view of another embodiment of a bonded structure 
102b having another one of the embodiments of the electrical 
sensor network 64 of the disclosure. As shown in FIG. 5B, the 
electrical sensor network 64 comprises sensor elements 66 
comprising active sensor fibers 66b. 
As shown in FIGS. 5A-5B, the cured bondline 32 of the 

bonded structural assembly 102 comprises adhesive layer or 
layers 52. The adhesive layer or layers 52 may comprise an 
adhesive material Such as an epoxy adhesive, a polyurethane 
adhesive, a toughened acrylic adhesive, or another Suitable 
adhesive. The cured bondline 32 further comprises a scrim 
ply layer 58 integrated with the adhesive layer or layers 52. As 
shown in FIG.5A, the scrimply layer 58 has a first side 60 and 
a second side 62. The scrimply layer 58 preferably comprises 
a material fabricated from various fiber materials, such as 
nylon fiber material, polyester fiber material, glass fiber mate 
rial, or another suitable fiber material. The scrimply layer 58 
is multifunctional and acts as an adhesive layer by being 
integrated in the adhesive layer 52 and also acts as a bondline 
monitoring system. The cured bondline 32 further comprises 
an electrical sensor network 64 integrated with the scrimply 
layer 58. The electrical sensor network 64 preferably com 
prises a plurality of spaced sensor elements 66 comprising 
active sensor nodes 66a (see FIG. 5A), active sensor fibers 
66b (see FIG. 5B), active sensor wires (not shown), sensor 
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fiber optic wires (not shown), sensor coatings on fibers (not 
shown), carbon nanotubes (not shown), passive sensors, or 
another suitable sensor element. The sensor elements 66 pref 
erably have modalities based on ultrasonic wave propagation 
and electromechanical impedance. The monitoring system 
100 provides for an internal electrical sensor network 64 and 
internal sensorelements 66 at or within the cured bondline 32 
to provide for direct measurement and assessment of the 
bondline characteristics and bondline integrity directly at or 
within the cured bondline 32 itself. 
As shown in FIG. 3, the system 100 further comprises a 

wireless electrical power source 116 for providing electrical 
power to the electrical sensor network 64. The wireless elec 
trical power source 74 may comprise batteries, voltage, RFID 
(radio frequency identification), magnetic induction trans 
mission, or another suitable wireless electrical power source. 
As shown in FIG. 3, the system 100 further comprises a 

wireless digital data communications network 118 for 
retrieving and processing data from the electrical sensor net 
work 64. The wireless digital data communications network 
118 may comprise a wireless data retrieval system 120 for 
retrieving data from the electrical sensor network 64. The 
wireless data retrieval system 120 may comprise RFID, a 
radio transceiver, or another Suitable data retrieval system. 
The electrical sensor network 64 monitors adhesive integrity 
82 (see FIG. 3) within the cured bondline 32 on demand by 
interpreting changes in local dynamic responses 84 (see FIG. 
3) and electromechanical properties 86 (see FIG. 3) directly 
measured within the cured bondline 32. The electrical sensor 
network 64 may also continuously monitor the adhesive 
integrity 82 within the cured bondline32. The local dynamic 
responses 84 and the electromechanical properties 86 are 
preferably directly measured at or within the cured bondline 
32 and may comprise disbonds 92 (see FIG. 8), weak bonding 
94 (see FIG. 8), strain levels, moisture ingression, materials 
change, cracks, Voids, delamination, porosity, or other Suit 
able local dynamic responses or electromechanical properties 
or other irregularities which may adversely affect the perfor 
mance of the cured bondline 32 of the bonded composite 
lamina assembly 102. The integrity of the cured bondline 32 
may be determined by interpreting changes in local dynamic 
responses 84 and electromechanical properties 86 directly 
measured at or within the cured bondline 32. Additional sen 
Sor elements 66. Such as fiber optic based materials to assess 
moisture ingression, piezoelectric sensors to assess strain, or 
other sensing methods may also be incorporated into the 
adhesive layer 52. Other functional aspects of the scrimply 
layer 58 may also be maintained, including control of bond 
line thickness, bondline tack control, and/or adhesive unifor 
mity of the bondline. 
As shown in FIG. 3, the wireless digital data communica 

tions network 118 may further comprise a wireless data pro 
cessing system 122 for processing data from the electrical 
sensor network 64. The wireless data processing system 122 
may comprise, for example, a known a computer processor 
(not shown), a database (not shown), and a data storage and 
management system (not shown). 
The system 100 monitors adhesive integrity within the 

cured bondline 32 of the bonded composite lamina assembly 
102. Preferably, the system 100 is used for monitoring adhe 
sive integrity within the cured bondline 32 of bonded com 
posite lamina assemblies 102. Such as bonded composite 
lamina assemblies used in aircraft, spacecraft, aerospace 
vehicles, space launch vehicles, rockets, satellites, rotorcraft, 
watercraft, boats, trains, automobiles, trucks, buses, architec 
tural structures, or other suitable vehicles and structures. 
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FIG. 8 is an illustration of a schematic diagram of one of the 
embodiments of the system 100 of the disclosure showing 
detection of disbonds 92 and weak bonding 94. FIG. 8 shows 
the first substrate 104 bonded to the second substrate 110 with 
the scrimply layer 58 integrated with the adhesive layer 52. 
and the scrim ply layer 58 having the electrical sensor net 
work 64 integrated with the scrimply layer 58. The wireless 
electrical power source 116 provides electrical power to the 
electrical sensor network 64 of the system 100. The adhesive 
layer 52 with the scrimply layer 58 is shown with disbonds 92 
and weak bonding 94. The wireless digital data communica 
tion network 118 processes the disbond 92 and weak bonding 
94 data from the electrical sensor network 64 to monitor the 
health of the system 100. 

In another embodiment of the disclosure, there is provided 
a method 200 for monitoring adhesive integrity within a cured 
bondline 32 (see FIGS. 2, 3) of a bonded structural assembly 
34 (see FIG. 2). FIG. 9 is an illustration of a flow diagram of 
an embodiment of a method 200 for monitoring adhesive 
integrity within the cured bondline 32. The method 200 com 
prises step 202 of providing the bonded structural assembly 
34 (see FIGS. 4A-4C) having the cured bondline 32. The 
bonded structural assembly 34 may preferably comprise a 
bonded composite lamina assembly 102 (see FIG. 3). As 
discussed above and as shown in FIGS. 4A-4C, the bonded 
structural assembly 34 may comprise first structure 36 and 
second structure 42. The first structure 36 may be made of a 
composite material, a metal material, a combination thereof, 
or another suitable material. The second structure 36 may be 
made of a composite material, a metal material, a combina 
tion thereof, or another suitable material. Preferably, the com 
posite material for the first structure 36 and/or the second 
structure 42 comprises polymeric composites, fiber-rein 
forced composite materials, fiber-reinforced polymers, car 
bon fiber reinforced plastics (CFRP), glass-reinforced plas 
tics (GRP), thermoplastic composites, thermoset composites, 
epoxy resin composites, shape memory polymer composites, 
ceramic matrix composites, or another Suitable composite 
material. Preferably, the metal material for the first structure 
36 and/or the second structure 42 comprises aluminum, stain 
less steel, titanium, alloys thereof, or another Suitable metal or 
metal alloy. 
As discussed above, the cured bondline 32 comprises the 

adhesive layer 52, the scrimply layer 58 integrated with the 
adhesive layer 52, and the electrical sensor network 64 inte 
grated with the scrimply layer 58. As shown in FIG. 4A, the 
adhesive layer 52 may comprise a first side 54 and a second 
side 56. As discussed above, the adhesive layer 52 may com 
prise an adhesive material Such as an epoxy adhesive, a poly 
urethane adhesive, a toughened acrylic adhesive, or another 
suitable adhesive. As discussed above, the scrimply layer 58 
integrated with the adhesive layer 52 has a first side 60 and a 
second side 62. The scrimply layer 58 preferably comprises 
a material fabricated from various fiber materials, such as 
nylon fiber material, polyester fiber material, glass fiber mate 
rial, or another suitable fiber material. The scrimply layer 58 
may be multifunctional and act as an adhesive layer by being 
integrated in the adhesive layer 52 and may also act as a 
bondline monitoring system. As discussed above, the electri 
cal sensor network 64 may comprise a plurality of spaced 
sensor elements 66 comprising active sensor nodes 66a, 
active sensor fibers 66b, active sensor wires (not shown), 
sensor fiber optic wires (not shown), sensor coatings on fibers 
(not shown), carbon nanotubes (not shown), passive sensors, 
or another suitable sensor element. The sensor elements 66 
preferably have modalities based on ultrasonic wave propa 
gation and electromechanical impedance. The method 200 
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provides for an internal electrical sensor network 64 and 
internal sensorelements 66 at or within the cured bondline 32 
to provide for direct measurement and assessment of the 
bondline characteristics and bondline integrity directly at or 
within the cured bondline 32 itself. 
As shown in FIG.9, the method 200 further comprises step 

204 of activating the electrical sensor network 64 (see FIGS. 
4A-4C) to monitor adhesive integrity 82 of the cured bondline 
32 on demand by interpreting changes in local dynamic 
responses 84 and electromechanical properties 86 (see FIG. 
2) directly measured within the cured bondline 32. Prefer 
ably, the electrical sensor network 64 is activated with an 
electrical power source 74 (see FIG. 2), and more preferably, 
with a wireless electrical power source 116 (see FIG.3). The 
electrical power source 74 or wireless electrical power source 
116 may comprise batteries, voltage, RFID (radio frequency 
identification), magnetic induction transmission, or another 
suitable wireless electrical power source. 
As shown in FIG.9, the method 200 further comprises step 

206 of retrieving and processing adhesive integrity data of the 
cured bondline 32 from the electrical sensor network 64 via 
the digital data communications network 76 (see FIG. 2). 
Preferably, the digital data communications network is a 
wireless digital data communications network 118 (see FIG. 
3). The digital data communications network 76 may com 
prise a data retrieval system 78 for retrieving data from the 
electrical sensor network 64. The data retrieval system 78 
may comprise RFID, a radio transceiver, or another suitable 
data retrieval system. The wireless digital data communica 
tions network 118 may comprise a wireless data retrieval 
system 120 for retrieving data from the electrical sensor net 
work 64. The electrical sensor network 64 monitors adhesive 
integrity 82 (see FIGS. 2, 3) within the cured bondline 32 on 
demand by interpreting changes in local dynamic responses 
84 (see FIGS. 2, 3) and electromechanical properties 86 (see 
FIGS. 2, 3) directly measured within the cured bondline 32. 
The electrical sensor network 64 may also continuously 
monitor the adhesive integrity 82 within the cured bondline 
32. The local dynamic responses 84 and the electromechani 
cal properties 86 are preferably directly measured at or within 
the cured bondline 32 and may comprise disbonds 92 (see 
FIG. 8), weak bonding 94 (see FIG. 8), strain levels, moisture 
ingression, materials change, cracks, Voids, delamination, 
porosity, or other Suitable local dynamic responses or elec 
tromechanical properties or other irregularities which may 
adversely affect the performance of the cured bondline of the 
bonded structural assembly. The integrity of the cured bond 
line 32 may be determined by interpreting changes in local 
dynamic responses 84 and electromechanical properties 86 
directly measured at or within the cured bondline 32. 
The digital data communications network 76 may further 

comprise a data processing system 80 for processing data 
from the electrical sensor network 64. The wireless digital 
data communications network 118 may further comprise a 
wireless data processing system 122 for processing data from 
the electrical sensor network 64. The data processing system 
80 and the wireless data processing system 122 may com 
prise, for example, a known computer processor (not shown), 
a database (not shown), and a data storage and management 
system (not shown). 
The method 200 monitors adhesive integrity within the 

cured bondline 32 of the bonded structural assembly 34, and 
preferably, monitors adhesive integrity within the cured 
bondline 32 of the bonded composite lamina assembly 102. 
Preferably, the method 200 is used for monitoring adhesive 
integrity within the cured bondline 32 of bonded structural 
assemblies 34, preferably bonded composite lamina assem 



US 9,267,906 B2 
13 

blies 102. Such as used in aircraft, spacecraft, aerospace 
vehicles, space launch vehicles, satellites, rotorcraft, water 
craft, boats, trains, automobiles, trucks, buses, architectural 
structures, or other suitable vehicles and structures. 

Embodiments of the monitoring systems 30, 100 and 
monitoring method 200 provide for the integration of active 
sensing materials into an adhesive scrimply layer 58 to create 
a multifunctional system or matrix capable of serving as both 
an adhesive layer and a bondline monitoring system. The 
sensor elements 66 integrated into the adhesive scrim ply 
layer 58 matrix interpret changes within the local dynamic 
responses 84 and the electromechanical properties 86 mea 
sured within the bondline interface, and the sensor elements 
66 may assess key characteristics Such as disbonds, strain 
levels, moisture ingression, materials changes, cracks, Voids, 
delamination, porosity, and/or other key characteristics at or 
within the cured bondline interface. Embodiments of the 
monitoring systems 30, 100 and monitoring method 200 may 
utilize various sets of active sensor elements 66. Such as 
sensing materials with modalities based on ultrasonic wave 
propagation and electromechanical impedance based on the 
scrim meshing pattern, to perform as a power and information 
network. Activation of the system and data retrieval may be 
performed wirelessly using a wireless electrical power Source 
116, a wireless data retrieval system 120, and a wireless data 
processing system 122 for interpretation of data in situ at the 
cured bondline 32 of the structural assembly such as the 
bonded composite lamina assembly 102. Embodiments of the 
monitoring systems 30, 100 and monitoring method 200 pro 
vide a cured bondline 32 with an embedded multifunctional 
scrimply layer 58 to monitor on demand or continuously for 
a change in the bondline interface adhesive integrity quality 
during both manufacturing and in-service. Such cured bond 
lines or bonded joints may reduce the overall weight of the 
structures and structural components by reducing the Volume 
of heavy joints based on the use of fasteners. Bonded joints 
accomplish this, in part, by spreading the load over a larger 
footprint. 

Embodiments of the monitoring systems 30, 100 and 
monitoring method 200 may provide monitoring of adhesive 
integrity at or within the cured bondline 32 in bonded struc 
tural assemblies used in aircraft, spacecraft, aerospace 
vehicles, space launch vehicles, rockets, satellites, rotorcraft, 
watercraft, boats, trains, automobiles, trucks, buses, and other 
suitable transport vehicles and structures. Embodiments of 
the monitoring systems 30, 100 and monitoring method 200 
may provide in situ non-destructive systems and method for 
characterizing bonding properties and ensuring the bondline 
integrity of structurally bonded parts continuously through 
out the service lifetime of the hardware and structurally 
bonded parts. 

Embodiments of the monitoring systems 30, 100 and 
monitoring method 200 have the ability to interrogate the 
cured bondline while the structure or structural component 
parts are in-service; may decrease costs and flow time to the 
process of assuring bondline integrity; may be carried out on 
demand on a real time basis or continuously on a real time 
basis so that the information about the bondline integrity is 
available at all times; and, may predict and monitor the integ 
rity, health and fitness of cured bondlines or bonded joints 
located remotely, interior, or beneath the structural surface 
without having to disassemble or remove structures or struc 
tural components or drill holes into the structures or structural 
components for insertion of any measurement tools. More 
over, embodiments of the monitoring systems 30, 100 and 
monitoring method 200 may provide for an internal electrical 
sensor network and internal sensors at or within the cured 
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bondline to provide for direct measurement and assessment 
of the bondline characteristics and bondline integrity directly 
at or within the bondline itself. Finally, embodiments of the 
monitoring systems 30, 100 and monitoring method 200 may 
be used to predict deterioration or weaknesses directly at or 
within the cured bondline or bonded joint prior to the actual 
development of Such deterioration or weaknesses, and thus, 
may increase reliability of the structure or structural compo 
nent parts, may increase the safety of the adhesive bondline, 
and may reduce overall manufacturing and maintenance costs 
over the life of the structure or structural component parts. 

FIG. 10 shows a block diagram of an embodiment of a 
current detection system 300 for detecting and monitoring 
electrical current 350 (FIG. 11) flow through a bonded joint 
33 of a bonded structural assembly 34. As indicated above, 
the bonded structural assembly 34 may include a first struc 
ture 36 and a second structure 42. The first structure 36 and/or 
the second structure 42 may beformed of composite material 
such as fiber-reinforced polymer matrix material. However, 
the first structure 36 and/or the second structure 42 may be 
formed of metallic material, ceramic material, or a combina 
tion of composite material, ceramic material, and metallic 
material. The first structure 36 has a first faying surface 37 and 
the second structure 42 has a second faying Surface 43. The 
first and second faying surfaces 37, 43 may be bonded 
together by an adhesive layer 52 of a cured bondline 32 
located between the first faying surface 37 and the second 
faying surface 43. As mentioned above, the adhesive layer 52 
may be formed of a material selected from the group com 
prising epoxy adhesives, polyurethane adhesives, and acrylic 
adhesives, or any other type of structural adhesive. In some 
examples, the structural assembly 34 may be configured with 
no mechanical fasteners in the bonded joint 33. However, in 
other examples, one or more mechanical fasteners (not 
shown) or other mechanical features may be included in the 
bonded joint 33 to mechanically assist in coupling the first 
structure 36 to the second structure 42. 

In FIG. 10, the current detection system 300 may further 
include a current sensor network 302 that may be embedded 
in the adhesive layer 52 of the cured bondline 32 of the 
structural assembly 34. In an example, the current sensor 
network 302 may include a plurality of inductive coils 304 
and a plurality of current sensor nodes 330 electrically inter 
connecting the inductive coils 304. In the example shown, the 
inductive coils 304 and the current sensor nodes 330 may be 
arranged to form a plurality of current sensor loops 338 (FIG. 
11). As described in greater detail below, an electrical current 
350 flowing or passing through the adhesive layer 52 may 
have a magnetic field 352 (FIG. 11) associated with the elec 
trical current 350. The electrical current 350 passing through 
the adhesive layer 52 may be described as a transient current 
or a current pulse passing through the adhesive layer 52 along 
a direction from the first structure 36 to the second structure 
42, or vice versa. The electrical current 350 flowing through 
the adhesive layer 52 may be the result of a lighting strike or 
other electrical charge applied to the structural assembly 34 or 
flowing into the structural assembly 34 from another location 
on a vehicle or structure containing the structural assembly 
34. 

Induced current 306 (FIG. 13) may be generated in the 
inductive coils 304 of the current sensor loops 338 when 
electrical current 350 is flowing through the adhesive layer 
52. The induced current 306 may be generated as a result of 
the magnetic field 352 associated with the electrical current 
350 through the adhesive layer 52. The magnetic field 352 
may induce a relatively low-magnitude induced current 306 
in the inductive coils 304. For example, the induced current 
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306 may be on the order of microamps or milliamps, and may 
be generated in response to an electrical current 350 passing 
through the adhesive layer 52 on the order of from 100 mil 
liamps up to 100 amps or more. For example, electrical cur 
rent 350 passing through a structural assembly 34 as a result 
of a lightning strike may be on the order of up to 100,000 
amps or more, and may be associated with a Voltage of up to 
100 kilovolts or more. 

In FIG. 10, the current detection system 300 may further 
include a digital data communications network 76 which may 
be located external to the cured bondline 32. The digital data 
communications network 76 may be coupled to the current 
sensor nodes 330 by one or more signal wires 342. The digital 
data communications network 76 may receive and process 
current signals 344 which may be generated by electronic 
circuitry (not shown) included in the current sensor nodes 
330. The current signals 344 may be representative of the 
induced current 306. For example, the current signal 344 
generated by a given current sensor node 330 may be propor 
tional to the magnitude of the induced current 306 in one or 
more of the inductive coils 304 that are electrically connected 
to the given current sensor node 330. In some examples, the 
current signal 344 generated by a given current sensor node 
330 may be proportional to the local magnitude (e.g., amper 
age) of the electrical current 350 passing through the adhesive 
layer 52 at a location adjacent to the given current sensor node 
330. In this regard, the magnitude of the induced current 306 
in the inductive coils 304 embedded throughout the adhesive 
layer 52 may be different at different locations of the adhesive 
layer 52, as described in greater detail below. 
The digital data communications network 76 may use the 

current signals 344 to detect and monitor electrical current 
350 passing through one or more portions of the cured bond 
line 32. In some examples, the digital data communications 
network 76 may include a data retrieval system 78 for receiv 
ing current signals 344 from the current sensor nodes 330. 
The data retrieval system 78 may include one or more current 
integrators 346. The current integrators 346 may be electri 
cally connected to the current sensor nodes 330. In some 
examples, each one of the current sensor nodes 330 may be 
electrically connected to a dedicated current integrator 346. A 
current integrator 346 may integrate the induced current 306 
over time and may generate an output signal 348 which may 
be proportional to the magnitude of the current signal 344 
received by the current integrator 346. 
The digital data communications network 76 may further 

include a data processing system 80 which may receive the 
output signals 348 from the data retrieval system 78. As 
indicated above, the data retrieval system 78 and data pro 
cessing system 80 may comprise, for example, a known com 
puter processor (not shown), a database (not shown), and/or a 
data storage and management system (not shown). The data 
processing system 80 may process the output signals 348 to 
detect, monitor, and/or characterize one or more parameters 
associated with the electrical current 350 passing through the 
adhesive layer 52. For example, the digital data communica 
tions network 76 may detect the existence of electrical current 
350 passing through the cured bondline 32 by comparing the 
magnitude of the electrical current 350 to a predetermined 
threshold current value. In other examples, the digital data 
communications network 76 may characterize the electrical 
current 350 passing through the adhesive layer 52 by sum 
ming the current signals 344 from one or more of the current 
integrators 346 to determine the total electrical charge of the 
electrical current 350 passing through the cured bondline 32. 
The digital data communications network 76 may also char 
acterize the electrical current 350 passing through the adhe 
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sive layer 52 by determining the event time (e.g., total elapsed 
time) during which the electrical current 350 passes through 
the adhesive layer 52, and/or determining the rate of change 
of the electrical current 350 as it passes through the adhesive 
layer 52. In some examples, the digital data communications 
network 76 may convert the current signals 344 to voltage 
signals (not shown), and may interpret or analyze the Voltage 
signals to detect, monitor, and/or characterize the electrical 
current 350 passing through the cured bondline 32. 

In FIG. 10, the current detection system 300 may be in 
communication with an integrated vehicle health manage 
ment (IVHM) system 124 as may be included in a vehicle 
Such as an aircraft. The digital data communications network 
76 may be configured to communicate or transmit the elec 
trical current 350 data to an IVHM system 124 which may, in 
turn, communicate the electrical current 350 data to an exter 
nal maintenance tracking system (not shown) and/or to appro 
priate maintenance personnel to monitor and/or assess the 
potential need for inspection of one or more bonded joints 33 
that may have been subjected to relatively high-intensity elec 
trical current 350 flow as detected by the current detection 
system 300. For example, a vehicle such as an aircraft 10 
(FIG. 1) may include a plurality of bonded structural assem 
blies 34 each including one or more bonded joints 33. The 
bonded joints 33 may include one or more cured bondlines 32 
incorporating a current sensor network 302 embedded in an 
adhesive layer 52 of the cured bondline32. The current sensor 
network 302 in the cured bondline 32 of the different bonded 
structural assemblies 34 may be in communication with an 
IVHM system 124. The IVHM system 124 may monitor the 
electrical current 350 passing through each cured bondline32 
of the bonded structural assemblies 34. In the event that one or 
more of the bonded structural assemblies 34 are subjected to 
a transient electrical charge such as due to a lightning strike on 
an aircraft, the IVHM system 124 may determine the magni 
tude of the lightning-induced electrical charge passing 
through one or more of the bonded joints 33 at different 
location in the aircraft 10. In some examples, the IVHM 
system 124 may record a time-history of the electrical charges 
passing through different bonded joints 33 of the aircraft 10 to 
establish a propagation or flow direction or path of the light 
ning-induced electrical charge as it passes throughout the 
aircraft 10. 

FIG.11 shows a cross-sectional view of a structural assem 
bly 34 of a first structure 36 adhesively bonded to a second 
structure 42 at a bonded joint33. The bonded joint 33 includes 
a cured bondline 32 contain adhesive bonding the first faying 
surface 37 of the first structure 36 to the second faying surface 
43 of the second structure 42. The cured bondline 32 includes 
a current sensor network 302 embedded in the adhesive layer 
52 of the bonded joint 33. The current sensor network 302 
includes a plurality of inductive coils 304 embedded in the 
adhesive layer 52 and electrically interconnected to one 
another by a plurality of current sensor nodes 330. Each one 
of the inductive coils 304 has a lengthwise direction oriented 
generally parallel to the first and second faying Surfaces 37. 
43 of the first and second structure 36, 42. An electrical 
current 350 is shown passing through the adhesive layer 52 
along a direction from the first structure 36 to the second 
structure 42. However, as indicated above, the electrical cur 
rent 350 may pass through the adhesive layer 52 along a 
direction from the second structure 42 to the first structure 36. 
A magnetic field 352 may be associated with the electrical 
current 350 passing through the adhesive layer 52. As indi 
cated above, the magnetic field 352 may induce an induced 
current 306 in the inductive coils 304 which may be picked up 
at the current sensor nodes 330. The current sensor nodes 330 
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may generate current signals 344 representative of the 
induced current 306. The current signals 344 may be trans 
mitted via signal wires 342 to the digital data communica 
tions network 76 as shown in FIG. 1 and described above. 

FIG. 12 shows a top view of an embodiment of a current 
sensor network 302 as may be embedded in an adhesive layer 
52 of a bonded joint 33. In the example shown, the current 
sensor network 302 is comprised of a plurality of relatively 
straight sections of inductive coils 304 embedded in the adhe 
sive layer 52. One or more of the inductive coils 304 may be 
generally straight. One or both of the opposing ends of the 
inductive coil 304 may be electrically connected to a current 
sensor node 330. As indicated above, the current sensor net 
work302 may include a plurality of current sensor nodes 330. 
Each one of the current sensor nodes 330 may electrically 
connect two or more inductive coils 304. In this regard, the 
current sensor nodes 330 may electrically interconnect the 
inductive coils 304 to form a plurality of current sensor loops 
338. 

In FIG. 12, the inductive coils 304 and current sensor nodes 
330 may be configured such that current sensor loops 338 are 
arranged in a generally uniformly-spaced grid pattern 340 
within the adhesive layer 52 of the cured bondline 32. How 
ever, the inductive coils 304 and the current sensor nodes 330 
may be arranged in a non-uniform grid pattern 340 (not 
shown), or in a combination of a non-uniform grid pattern in 
some portions of the current sensor network 302, and in a 
uniform grid pattern 340 in other portions of the current 
sensor network 302. A generally uniform grid pattern 340 of 
the inductive coils 304 and current sensor nodes 330 along at 
least a portion of the cured bondline 32 may allow for sensing 
electrical current 350 at uniformly-spaced locations defined 
by the grid pattern 340. In this manner, the magnitude of 
current signals 344 generated at each one of the current sensor 
nodes 330 relative to one another may be used to determine 
the mapping or distribution (e.g., the relative magnitude or 
amperage) of the electrical current 350 at different locations 
along the length and width of the cured bondline 32. The 
spacings between current sensor nodes 330 may be selected 
based upon the desired fidelity with which the distribution of 
electrical current 350 may be mapped within the cured bond 
line 32. For example, the current sensor nodes 330 may be 
spaced apart at spacings of up to 1 inch or more. 

Referring still to FIG. 12, at least some of the inductive 
coils 304 of the current sensor network 302 may be oriented 
generally orthogonally relative to one another when the cur 
rent sensor network302 is viewed along a direction normal to 
the first and second faying Surfaces 37, 43. In Such an arrange 
ment, at least one of the current sensor loops 338 may have a 
generally square shape defined by an inductive coil 304 on 
each of four sides of the square-shaped current sensor loop 
338 and a current sensor node 330 at each corner of the 
square-shaped current sensor loop 338 as shown in FIG. 12. 
However, the inductive coils 304 may be arranged in various 
orientations to provide any one of a variety of different geo 
metrical shapes of the current sensor loops 338. For example, 
one or more of the inductive coils 304 of a current sensor 
network 302 may be provided in non-orthogonal arrange 
ments such as to form a grid pattern 340 of triangularly 
shaped current sensor loops (not shown) having an inductive 
coil 304 on three sides and a current sensor node 330 at each 
Vertex of the triangularly-shaped current sensor loops. In 
addition, the inductive coils 304 are not limited to being 
provided in a straight shape extending between a pair of 
current sensor nodes 330. In this regard, one or more of the 
inductive coils 304 may be provided in a curved shape, or a 
combination of a curved shape and a straight shape, when the 
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current sensor network 302 is viewed along a direction nor 
mal to the first and second faying surface 37, 43s. 

Advantageously, the arrangement of the current sensor 
loops 338 results in the inducement of generally low-amper 
age induced current 306 in the inductive coils 304 in response 
to the magnetic field 352 associated with electrical current 
350 passing through the adhesive layer 52 from the first 
structure 36 to the second structure 42, or vice versa. The 
current sensor loops 338 may advantageously be immune to 
electromagnetic interference and/or current from another 
Source flowing through external structure (not shown) located 
adjacent to the first structure 36 and second structure 42. For 
example, the current sensor network 302 may be immune to 
current flow through adjacent skin panels or other structure 
that may be attached to the first structure 36 and/or the second 
structure 42. 

In FIG. 12, the current sensor network 302 may be con 
nected to a data retrieval system 78 of a digital data commu 
nications network 76 (FIG. 1). The data retrieval system 78 
may be located external to the cured bondline 32 and may 
receive current signals 344 via signal wires 342 extending 
through the adhesive layer 52 from the current sensor nodes 
330 to one or more external current integrators 346 of the data 
retrieval system 78. As indicated above, the current integra 
tors 346 may integrate the current signals 344 over time and 
generate an output signal 348 which may be proportional to 
the magnitude of the current signal 344 received by the cur 
rent integrator 346. The output signals 348 may be transmit 
ted to an external data processing system 80 (FIG. 1) for 
processing the output signals 348 and determining one or 
more parameters associated with the electrical current 350 
passing through the cured bondline32. In some examples, the 
current integrators 346 may integrate the induced currents 
306 over time and convert the electrical current 350 signal 
from an analog signal to a digital signal for processing into an 
electrical current profile (e.g., rate of change of current (I) 
flow over time (t), dI/dt) associated with the electrical charge 
passing through the adhesive layer 52 at a location adjacent to 
a given current sensor node 330. 

FIG.13 shows apartial cross-sectional view of an inductive 
coil 304 extending between a pair of current sensor nodes 330 
of a current sensor network 302 and further illustrating an 
electrical current 350 passing through the adhesive layer 52 
from the first structure 36 to the second structure 42. Also 
shown is a magnetic field 352 associated with the electrical 
current 350. As indicated above, the magnetic field 352 may 
induce an induced current 306 in the inductive coil 304, and 
which may be picked up at the current sensor nodes 330 and 
transmitted in the form of current signals 344 to an external 
digital data communications network 76 (FIG. 1) configured 
to process the current signals 344 and detect, analyze, and/or 
characterize the electrical current 350 passing through the 
adhesive layer 52 of the cured bondline 32. Alternatively, in 
an embodiment not shown, one or more of the current sensor 
nodes 330 may include a current integrator 346 which may 
generate an output signal 348 based on the induced current 
306 in the inductive coils 304. The output signal 348 may then 
be transmitted via one or more signal wires 342 (FIG. 12) to 
an external data processing system 80 (FIG. 1). 

In FIG. 13, the current sensor network 302 may be pro 
vided in a relatively small height enabling the current sensor 
network 302 to be embedded in relatively thin bondlines of 
structurally bonded joints 33. In one example, the current 
sensor network 302 may be sized and configured to fit within 
a bondline thickness 31 of a cured bondline 32 of no greater 
than approximately 0.020 inch. The adhesive layer 52 may 
have an adhesive layer 52 thickness that may be substantially 
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equivalent to the bondline thickness 31. In some examples, 
the current sensor network 302 may be sized and configured 
to fit within a bondline thickness 31 of no greater than 0.010 
inch or less. In this regard, the inductive coils 304 may be 
provided in an inductive coil height 312 of no greater than 
approximately 0.020 inch, and more preferably, in an induc 
tive coil height 312 of no greater than approximately 0.010 
inch. Likewise, the current sensor nodes 330 may be provided 
in a node height 336 of no greater than approximately 0.020 
inch and, more preferably, 0.010 inch or less. However, in 
some examples, the adhesive layer 52 may have a bondline 
thickness 31 of greater than to a 0.020 inch, which may allow 
for an increased thickness of the current sensor network 302. 
In this regard, the inductive coil height 312 and/or the node 
height 336 may be up 0.030 inch or more. 

The inductive coil height 312 of an inductive coil 304 may 
be defined as the distance between a coil upper side 308 and 
a coil lower side 310. In some examples, the current sensor 
network 302 may be configured such that the coil upper side 
308 and/or the coil lower side 310 are positioned in non 
contacting relation with the first faying surface 37 and/or the 
second faying surface 43 when the inductive coil 304 is 
embedded within the adhesive layer 52. The coil upper side 
308 and/or the coil lower side 310 may be separated from the 
first faying surface 37 and/or the second faying surface 43 by 
a thin layer of adhesive. However, in other examples, the coil 
upper side 308 and/or the coil lower side 310 may contact the 
first faying surface 37 and/or the second faying surface 43. In 
some examples, one or more of the current sensor nodes 330 
may be provided in a node height 336 that is substantially 
equivalent to the desired bondline thickness 31 such that a 
node upper side 332 and/or a node lower side 334 of at least 
one current sensor node 330 is in abutting contact with the 
first faying surface 37 and the second faying surface 43. 
However, in other examples, one or more of the current sensor 
nodes 330 may be provided in a node height 336 that is less 
than the bondline thickness 31 such that a node upper side 332 
and/or a node lower side 334 of one or more of the current 
sensor nodes 330 may be in non-contacting relation to the first 
faying surface 37 and/or the second faying surface 43. For 
example, the node upper side 332 and/or the node lower side 
334 may be separated from the first faying surface 37 and/or 
the second faying surface 43 by a thin layer of adhesive. 

Each inductive coil 304 may be configured as a generally 
helically-shaped wire formed as a series of connected 360 
degree turns 316. The turns 316 in an inductive coil 304 may 
be in non-contacting relation to one another and/or may be 
physically separated and electrically insulated from one 
another by the adhesive layer 52 within which the inductive 
coil 304 is embedded. The wire of the inductive coils 304 may 
have a relative small size (e.g., less than 0.0003 inch diam 
eter) and may be formed of a conductive material Such as a 
metallic material. For example, the inductive coils 304 may 
be formed of a copper alloy Such as copper-nickel, copper 
silver, or the inductive coils 304 may be formed of stainless 
steel, carbon steel, titanium, and other metal alloys or com 
binations thereof. In some examples, the wires of the induc 
tive coils 304 may be coated with KaptonTM to withstand the 
high current environment to which a bonded joint 33 may be 
subjected. The inductive coils 304 of a current sensor network 
302 may be substantially similar in geometry, size, and mate 
rial. However, different portions of a current sensor network 
302 may include inductive coils 304 having a different geom 
etry, size, and/or material. 

FIG. 14 shows a partial cross-sectional view of an embodi 
ment of a current sensor network 302 wherein the inductive 
coils 304 have a flattened cross-sectional shape 318 config 
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ured as a generally rectangular cross-sectional shape 320 
when the inductive coils 304 are viewed from an end of the 
inductive coil 304 along a lengthwise direction of the induc 
tive coil 304. In this regard, the flattened cross-sectional 
shape 318 of the inductive coil 304 may result in an inductive 
coil height 312 that is less than an inductive coil width 314, 
and is in contrast to the circular cross-sectional shape of the 
inductive coils 304 having a substantially equivalent induc 
tive coil height 312 and width as shown in FIGS. 11 and 13. 
Advantageously, a flattened cross-sectional shape 318 of the 
inductive coil 304 may allow for increased cross-sectional 
area of the inductive coil 304 while reducing the overall 
height of the inductive coil 304 to fit within a relative small 
bondline thickness 31. Increasing the cross-sectional area of 
the inductive coil 304 by providing the inductive coil 304 in a 
flattened cross-sectional shape 318 may enhance the ability of 
the inductive coil 304 to pick up a magnetic field 352, and 
thereby generate an induced current 306 in response to the 
magnetic field 352 associated with the electrical current 350 
passing through the adhesive layer 52. 

FIG. 15 shows a partial cross-sectional view of another 
embodiment of the current sensor network 302 wherein the 
inductive coils 304 have an oval cross-sectional shape 322 
when viewed from an end of the inductive coil 304 along a 
lengthwise direction of the inductive coil 304. As may be 
appreciated, the inductive coils 304 may be provided in any 
one of a variety of different cross-sectional sizes, shapes and 
configurations, and are not limited to the rectangular and oval 
cross-sectional shapes 320, 322 shown in FIGS. 14 and 15. 
For example, one or more of the inductive coils 304 may have 
a square cross-sectional shape, a triangular cross-sectional 
shape, and/or other cross-sectional shapes or combinations 
thereof. 
A current detection system 300 may be incorporated into a 

structural assembly 34 using a manufacturing method which 
may include providing a first structure 36 and a second struc 
ture 42 to be adhesively bonded together. The method may 
include preparing the first faying surface 37 of the first struc 
ture 36 for bonding such as by abrading the first faying sur 
face 37 to improve the adhesive capability, and may include 
cleaning and/or treating the first faying surface 37 to facilitate 
the adhesive bonding process. The second faying Surface 43 
of the second structure 42 may be prepared for bonding in a 
similar manner to the first faying surface 37 of the first struc 
ture 36. The method may additionally include installing a 
current sensor network 302 as described above on the first 
faying surface 37 of the first structure 36. The method may 
additionally include connecting the current sensor nodes 330 
to the digital data communications network 76 using signal 
wire 342 as shown in FIG. 12. The signal wires 342 may 
electrically connect one or more of the current sensor nodes 
330 to one or more of the current integrators 346. The method 
may additionally include covering a Substantial majority of 
the first faying surface 37 area with an adhesive layer 52. In 
this regard, the method may include applying an adhesive 
layer 52 to the first faying surface 37 in a manner to embed the 
inductive coils 304 and the current sensor nodes 330 in the 
adhesive layer 52. The method may further include position 
ing the second structure 42 over the first structure 36 such that 
the second faying surface 43 is in contact with the adhesive 
layer 52. The method may also include allowing the adhesive 
layer 52 to cure such that the first structure 36 is adhesively 
bonded to the second structure 42 with the current sensor 
network 302 embedded within the adhesive layer 52. 

FIG. 16 is an illustration of a flow diagram of an embodi 
ment of a method 400 for detecting and monitoring electrical 
current 350 flow through a cured bondline 32 of a structural 
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assembly 34. Step 402 of the method 400 may include passing 
an electrical current 350 through an adhesive layer 52 of a 
cured bondline 32 of the structural assembly 34. As indicated 
above, the electrical current 350 may have a magnetic field 
352 associated therewith. The electrical current 350 may be a 
relatively high-intensity transient electrical current or pulse 
passing through the cured bondline 32. In some examples, the 
high-intensity transient electrical current or pulse may be the 
result of a lightning strike on an aircraft containing the struc 
tural assembly 34. The structural assembly 34 may include a 
cured bondline 32 containing an adhesive layer 52 within 
which a current sensor network 302 may be embedded. As 
indicated above, the current sensor network 302 may include 
a plurality of inductive coils 304 electrically interconnected at 
a plurality of current sensor nodes 330 and forming a plurality 
of current sensor loops 338. 

Step 404 of the method 400 may include inducing an 
induced current 306 in the current sensor loops 338 in 
response to the magnetic field 352 associated with the elec 
trical current 350 passing through the cured bondline 32. As 
indicated above, the magnetic field 352 may induce a rela 
tively low-amperage induced current 306 in one or more of 
the inductive coils 304 of the current sensor network 302. As 
mentioned above, the inductive coils 304 may have a rela 
tively low profile or height so that the inductive coils 304 may 
fit within a relatively thin bondline associated with adhe 
sively-bonded joints 33. In this regard, the inductive coils 304 
may be provided with a generally flattened cross-sectional 
shape 318 in order to increase the area of the inductive profile, 
and thereby may enhance the ability of the inductive coils 304 
to pick up the magnetic field 352 such that an induced current 
306 may be generated in the inductive coils 304. 

Step 406 of the method 400 may include generating, at the 
current sensor nodes 330, current signals 344 representative 
of the induced current 306. In some examples, one or more of 
the current sensor nodes 330 may include electronic circuitry 
or logic for converting the induced current 306 into current 
signals 344. A current signal 344 generated by a current 
sensor node 330 may be proportional to or representative of 
the induced current 306 in the inductive coils 304. For 
example, a current signal 344 may represent the amperage of 
the induced current 306 in the inductive coil 304 that termi 
nates at the current sensor node 330. 

Step 408 of the method 400 may include transmitting one 
or more of the current signals 344 to a digital data communi 
cations network 76 which may be located external to the 
cured bondline 32. In this regard, the current sensor nodes 330 
may be electrically connected to one or more current integra 
tors 346 associated with a data retrieval system 78 of the 
digital data communications network 76. In some examples, 
each one of the current sensor nodes 330 may be electrically 
connected via a signal wire 342 to a dedicated current inte 
grator 346 which may be located external to the cured bond 
line 32. However, in some examples, the current integrators 
346 may be incorporated into the current sensor nodes 330, 
and the signal wires 342 may transmit current signals 344 
from the current sensor nodes 330 to a data processing system 
80 of the digital data communications network 76. 

Step 410 of the method 400 may include detecting and 
monitoring the electrical current 350 using the digital data 
communications network 76 based on the current signals 344. 
As indicated above, the digital data communications network 
76 may be configured to detect the presence of an electrical 
current 350 passing through the cured bondline 32. For 
example, the digital data communications network 76 may 
compare the Summed total of the magnitude of the individual 
current signals 344 to a predetermined baseline or threshold 
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current value. When the Summed total of the individual cur 
rents exceeds the threshold current value, the digital data 
communications network 76 may indicate in real time or 
recorded time that an electrical current 350 is passing through 
or has passed through one or more portions of the cured 
bondline 32. In some examples, a current profile of the elec 
trical current 350 may be displayed or plotted on an oscillo 
Scope (e.g., plotting plot the amperage over time) as may be 
included with the digital data communications network 76. 

In some examples, the method may include determining a 
relative magnitude of the electrical current 350 passing 
through the adhesive layer 52 at locations adjacent to the 
current sensor nodes 330 based upon the relative magnitude 
of the current signals transmitted from each current sensor 
node 330. In another example, the method may include sum 
ming the output signals 348 generated by each one of the 
current integrators 346, and determining the total electrical 
charge passing through the cured bondline 32 during an elec 
trical current 350 event (e.g., during an actual or simulated 
lightning strike) based on the output signals 348. In this 
manner, the current sensor network 302 may provide a means 
for determining the severity of a lightning strike in terms of 
absolute magnitude and/or relative magnitude of the total 
electric charge associate with the electrical current 350. 
Based upon the magnitude of the total electric charge mea 
sured at the bonded joint 33, a determination may be made 
regarding whether inspection of the bonded joint 33 is nec 
essary. 

In some examples, the method may include determining 
the electrical current 350 passing through one or more bonded 
joints 33 of a vehicle such as an aircraft 10. In this regard, the 
method may include providing certain bonded joints 33 with 
a current sensor network 302 in the cured bondline 32. Each 
one of the current sensor networks 302 may be electrically 
connected to a digital data communications network 76 and/ 
or to an IVHM system 124. The bonded joints 33 may be 
monitored with a time stamp to enable the determination of 
flow direction and/or direction of propagation of an electrical 
charge as it passes through a structure Such as through an 
aircraft Subjected to a lighting Strike or other high-intensity 
electrical charge. Determining the flow path of electrical 
charge through a structure Such as an aircraft may assist in 
identifying a location of the lightning Strike on the aircraft and 
identifying the bonded joints 33 that were subjected to high 
intensity electrical current 350 associated with the lightning 
strike. A similar current detection system 300 and method 
may be incorporated into any type of structure, without limi 
tation, including any type of vehicular or non-vehicular struc 
ture. 

Many modifications and other embodiments of the disclo 
sure will come to mind to one skilled in the art to which this 
disclosure pertains having the benefit of the teachings pre 
sented in the foregoing descriptions and the associated draw 
ings. The embodiments described herein are meant to be 
illustrative and are not intended to be limiting or exhaustive. 
Although specific terms are employed herein, they are used in 
a generic and descriptive sense only and not for purposes of 
limitation. 
What is claimed is: 
1. A system for monitoring electrical current passing 

through a cured bondline of a bonded joint, the system com 
prising: 

a current sensor network embedded in an adhesive layer of 
a cured bondline of a structural assembly, including: 
a plurality of inductive coils; and 
a plurality of current sensor nodes electrically intercon 

necting the inductive coils to form a plurality of cur 
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rent sensor loops generating induced current in 
response to a magnetic field associated with an elec 
trical current passing through the adhesive layer, the 
current sensor nodes generating current signals rep 
resentative of the induced current; 5 

a digital data communications network located external to 
the cured bondline and receiving the current signals 
from the current sensor nodes and detecting and moni 
toring electrical current passing through the cured bond 
line based on the current signals. 

2. The system of claim 1, wherein: 
the adhesive layer comprises an epoxy adhesive, a poly 

urethane adhesive, and/or an acrylic adhesive. 
3. The system of claim 1, wherein: 
the structural assembly comprises a first structure formed 

of composite material, metallic material, or a combina 
tion thereof, bonded at the cured bondline to a second 
structure made of composite material, metallic material, 
or a combination thereof. 

4. The system of claim 1, wherein: 
the current sensor nodes are arranged such that the current 

sensor loops form a grid pattern in the cured bondline. 
5. The system of claim 1, wherein: 
at least Some of the inductive coils are oriented generally 

orthogonally relative to one another such that at least one 
of the current sensor loops has a square shape defined by 
an inductive coil on each of four sides of the current 
sensor loop and having a current sensor node at each 
COC. 30 

6. The system of claim 1, wherein: 
the digital data communications network includes a data 

retrieval system and a data processing system; 
the data retrieval system including one or more current 

integrators electrically connected to the current sensor 
nodes and integrating the induced current over time and 
generating one or more output signals; and 

the data processing system determining a total electrical 
charge passing through the cured bondline based on the 
output signals. 

7. The system of claim 1, wherein: 
the inductive coils have an inductive coil height of no 

greater than approximately 0.020 inch, the inductive coil 
height being less than a bondline thickness of the cured 
bondline. 

8. The system of claim 1, wherein: 
the inductive coils have a flattened cross-sectional shape 

and an inductive coil height that is less than an inductive 
coil width. 

9. The system of claim 8, wherein: 
the flattened cross-sectional shape is a rectangular cross 

sectional shape or an oval cross-sectional shape when 
the inductive coil is viewed from an end along a length 
wise direction of the inductive coil. 

10. An aircraft, comprising: 
a structural assembly including at least one bonded joint 

having an adhesive layer in a cured bondline bonding a 
first structure to a second structure; 

a current sensor network embedded in an adhesive layer of 
the cured bondline, including: 
a plurality of inductive coils generating induced current 

in response to a magnetic field associated with an 
electrical current passing through the adhesive layer; 
and 

a plurality of current sensor nodes electrically intercon 
necting the inductive coils to form a plurality of cur 
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rent sensor loops, the current sensor nodes generating 
current signals representative of the induced current; 
and 

a digital data communications network located external to 
the cured bondline and receiving the current signals 
from the current sensor network and detecting and moni 
toring electrical current passing through the cured bond 
line based on the current signals. 

11. A method for monitoring electrical current passing 
through a cured bondline, comprising: 

passing an electrical current through an adhesive layer of a 
cured bondline of a structural assembly, the electrical 
current having a magnetic field associated therewith, the 
adhesive layer containing a current sensor network 
including a plurality of inductive coils electrically inter 
connected at a plurality of current sensor nodes and 
forming a plurality of current sensor loops; 

inducing an induced current in the current sensor loops in 
response to the magnetic field; 

generating, at the current sensor nodes, current signals 
representative of the induced current; 

transmitting the current signals to a digital data communi 
cations network located external to the cured bondline; 

detecting and monitoring the electrical current using the 
digital data communications network based on the cur 
rent signals. 

12. The method of claim 11, wherein the step of detecting 
and monitoring the electrical current includes: 

determining a relative magnitude of the electrical current 
passing through the adhesive layer based upon the cur 
rent signals at the current sensor nodes; and 

determining a distribution of the electrical current passing 
through the adhesive layer based upon the relative mag 
nitude of the current signals. 

13. The method of claim 11, wherein: 
the electrical current is a result of a lightning strike on an 

aircraft containing the structural assembly. 
14. The method of claim 11, wherein the steps of transmit 

ting the current signals and detecting and monitoring the 
electrical current include: 

transmitting the current signals from the current sensor 
nodes to one or more current integrators; 

integrating, using the current integrators, the induced cur 
rent over time to form output signals representative of 
the current signals; and 

determining a total electrical charge passing through the 
cured bondline based on the output signals. 

15. The method of claim 11, wherein the step of monitoring 
the electrical current include: 

determining an electrical current profile of the electrical 
current passing through the adhesive layer. 

16. The method of claim 11, wherein: 
the adhesive layer comprises an epoxy adhesive, a poly 

urethane adhesive, and/or an acrylic adhesive. 
17. The method of claim 11, wherein: 
the structural assembly comprises a first structure formed 

of composite material, metallic material, or a combina 
tion thereof, bonded at the cured bondline to a second 
structure made of composite material, metallic material, 
or a combination thereof. 

18. The method of claim 11, wherein: 
the current sensor nodes are arranged such that the current 

sensor loops form a grid pattern in the cured bondline. 
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19. The method of claim 11, wherein: 
the inductive coils have an inductive coil height of no 

greater than approximately 0.020 inch, the inductive coil 
height being less than a bondline thickness of the cured 
bondline. 

20. The method of claim 11, wherein: 
the inductive coils have a flattened cross-sectional shape 

Such that an inductive coil height is less thanan inductive 
coil width. 
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